Fifty-six patients undergoing elective laparoscopy were allocated randomly to two groups. Group H received alcuronium and were ventilated artificially using 0.5% halothane and nitrous oxide in oxygen. Group E breathed spontaneously a mixture of enflurane and nitrous oxide in oxygen. Arterial pressure, heart rate, tidal volume, respiratory rate and end-tidal carbon dioxide tension (PEcx^) were monitored. The electrocardiogram (ECG) was recorded continuously using mogni-rir tape, from before induction until the patient left rhr iwny^ry ir" Thf inrirli-nrr nf arrhythmia* mi similar in the Iwn group*. NrmrrhyThmin ntYiirrrri after the insufflated carbon dioxide had been removed from the abdomen. Spontaneous ventilation with enflurane anaesthesia is a simple and safe technique for routine laparoscopy, providing the intra-abdominal pressure does not exceed 25 mm Hg.
Laparoscopy has become a routine procedure, particularly for sterilization or diagnostic purposes, and is undertaken increasingly on a day-stay basis. However, respiration may be impaired by the pneumoperitoneum, the increase in intraabdominal pressure and the Trendelenburg position.
Several studies have shown an increase in the arterial carbon dioxide tension (PacOz) when patients breathed spontaneously during laparoscopy (Baratz and Karis, 1969; Seed, Shakespeare and Muldoon, 1970; Marshall et al., 1972) and if halothane is used as the inhalation anaesthetic agent, there may be a high incidence of cardiac arrhythmias (Desmond and Gordon, 1970; Hodgson, McClelland and Newton, 1970; Scott, 1970; Lewis et al., 1972) . Enflurane has anaesthetic properties similar to those of halothane, but is associated with fewer arrhythmias in the presence of increased circulating catecholamines (Reisner and Lipman, 1975; Johnston, Eger and Wilson, 1976; Wright, 1980; Ryder and Wright, 1981) .
PATIENTS AND METHODS Fifty-six patients for routine laparoscopy were randomly allocated to one of two groups, either breathing spontaneously using enflurane (group E) or mechanically ventilated using halothane (group H). All patients were premedicated with papaveretum and hyoscine 1 h before anaesthesia. An Oxford Medilog 24-h tape recorder was used to monitor the ECG, the recording being commenced in the anaesthetic room and continued until the patients left the recovery area. The tape recordings of the ECG were analysed using a Reynolds Pathfinder High Speed ECG analyser, and an arrhythmia was said to be present if one or more complexes originated at a site other than the sino-atrial node. In all patients anaesthesia was induced with thiopentone 5 mg kg" 1 and intubation of the trachea was facilitated with suxamethonium 1 mgkg"
1 . The vocal cords were sprayed with 4% lignocaine solution 4 ml.
Patients in group E (spontaneous respiration) received enflurane 1.5-2.5% plus 50% nitrous oxide in oxygen via a circle system incorporating a soda-lime canister for carbon dioxide absorption, while patients in group H received alcuronium 0.2 ing kg" 1 and 0.5% halothane plus 50% nitrous oxide in oxygen by intermittent positive pressure ventilation (Manley ventilator).
Laparoscopy was performed, using carbon dioxide as the insufflating gas, via a Verres needle inserted subumbilically. An intra-abdominal pressure of 25 mm Hg was not exceeded, and the patient lay in a 30° head-down tilt during the period of insufflation. Care was taken to expel as much of the gas as possible by manual compression before removal of the laparoscope. The inhalation agent was discontinued once the laparoscope had been removed. Patients in group H received neostigmine 2.5 mg and atropine 1.0 mg to antagonize any residual neuromuscular blockade. Arterial pressure and heart rates were measured using an automatically inflating cuff (Dinamap), end-tidal carbon dioxide tension (PECOJ) was monitored with a rapid infra-red analyser (Hewlett-Packard) and a Wright's respirometer was used to measure minute volume. These variables were recorded every 5 min during the procedure. The times at which induction, insufflation and removal of the laparoscope took place were noted. Student's t test was used to compare variances and mean values and the Chi-square test to compare the frequency of arrhythmias between the two groups.
RESULTS
Twenty eight patients (ASA I or II) were included in each group. Laparoscopic sterilization was performed on six patients in the enflurane group and eight in the halothane group, while diagnostic laparoscopy was performed on the remaining patients.
There were no significant differences between the two groups with regard to age, weight or the duration of anaesthesia (table I) .
The types of arrhythmias and the times at which they occurred are shown in table II. Four patients in the enflurane group and five in the halothane group developed arrhythmias associated with intubation of the trachea. One other patient in the halothane group was in a bigeminal rhythm before induction of anaesthesia, but returned to sinus rhythm after induction.
Arrhythmias during insufflation occurred in three patients receiving enflurane (11%) and two receiving halothane (7%); this difference was not significant. The measured variables for these five patients are shown in table III.
No arrhythmias occurred in any patient after the carbon dioxide had been removed from the abdomen. The changes in arterial pressure and heart rate during the procedure were similar in both groups (table IV) .
The PECO2 of patients in the mechanically ventilated group were kept between 32 and 40 mm Hg by adjusting the minute and tidal volumes. The values for PECO2, minute volume and respiratory rate of patients receiving enflurane are shown in table V. In this group, the maximum increase in PEco^ when comparing the values at the end of insufflation with those at the start of the operation in any patient was 12 mm Hg. Eight patients (29%) showed a decrease in PECO2 during insufflation. 
DISCUSSION
The incidence of arrhythmias during laparoscopy, using halothane and spontaneous ventilation, may be as high as 27% (Scott, 1970) . Desmond and Gordon (1970) reported increases in arterial carbon dioxide tensions (Pacch) and arrhythmias in 10 spontaneously breathing patients anaesthetized with halothane, and concluded that patients for laparoscopy should be ventilated mechanically.
If nitrous oxide replaces carbon dioxide as the insufflating gas, the incidence of arrhythmias may be decreased to 5% despite the use of halothane and a spontaneous ventilation technique (Scott and Julian, 1972) . However, carbon dioxide is to be preferred as the insufflating gas in view of the decreased incidence of shoulder tip pain following the procedure, and its much greater solubility in blood.
The authors could find no published reports on the incidence of arrhythmias using enflurane and a spontaneous ventilation technique for laparoscopy and this study has shown no significant difference in the incidence of arrhythmias between a mechanically ventilated group of patients and another group breathing spontaneously, when enflurane is used in the spontaneous ventilation technique. Lewis and colleagues (1972) found that the PacOj may be highest after completion of the surgical procedure, once the intra-abdominal pressure had been released and suggested that these patients may be at most risk of developing cardiac arrhythmias after completion of anaesthesia quite independently of the technique of ventilation used.
Hodgson McClelland and Newton (1970) emphasized the importance of keeping the intraabdominal pressure less than 25mmHg in spontaneously breathing patients, thus avoiding any unnecessary restriction to the movement of the diaphragm.
In this study the ECG was recorded until the patients were fully recovered and ready to return to the ward. No arrhythmia occurred in any patient after the carbon dioxide had been expelled from the peritoneal cavity.
The patients receiving enflurane and breathing spontaneously showed only a small increase in PECO2 between the pre-insufflation phase and the end of insufflation. Two of the five patients in this study who developed arrhythmias during insufflation had a PE0O2 of less than 40 mm Hg. Some of the arrhythmias occurring during insufflation may be the result of pain associated with stretching the mesentery on introduction of the gas (Lewis et al., 1972) . That laparoscopy causes a significant stress response has been clearly shown (Cooper et al., 1982) .
Laparoscopy is performed increasingly on a daystay basis and this has prompted a reappraisal of the physiological and anaesthetic implications of this procedure. Heneghan and co-workers (1981) found an increased morbidity, on the day of the operation, in patients who had received non-depolarizing neuromuscular blocking drugs and artificial ventilation in comparison with a group in whom the trachea had been intubated but who breathed spontaneously for outpatient dental surgery. This increased morbidity may be related to the prolonged effects of the non-depolarizing drug, although atropine and neostigmine themselves may produce unwanted and prolonged sequelae.
The authors believe that there is no contraindication to patients breathing spontaneously with enflurane during laparoscopy, provided that the intraabdominal pressure does not exceed 25 mm Hg. El Grupo E respiro espontaneamente una mczcla de enflurano y de oxido nitroso en oxigeno. Se vigilaron la presion arterial, el ritmo cardiaco, el vohimen minuto, el ritmo respiratorio y la tension de anhidrido carbonico respiratoria terminal (PECC^)-Se registro continuamente el electro-cardiograma (ECG) al usar banda magnetica desde antes de la induction hasta que el paciente dejase la zona de recuperacion. La incidencia de la arritmia era similar en ambos grupos. No se produjeron arritmias despues de que el anhidrido carbonico insuflado fuera removido del abdomen. La ventilation espontanea con la anestesia por enflurano constituye una tecnica sencQla y segura para las laparoscopias de nitina, siempre y cuando la presion intra-abdominal no sobrepase dc 25 mm Hg.
